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1. INTRODUCTION
Knowledgeofglobaloceanictideshasmarkedlyadvancedoverthelasttwodecades,innosmallpartbecauseof thenear-global
measurementsprovidedbysatellitealtimeters,andespeciallythelongandpreciseTopex/Poseidontimeseriese.g.[2].Satellite
altimetryin turnplacesveryseveredemandsontheaccuracyof tidalmodels.The reasonis clear:tidesarebyfarthelargest
contributortothevarianceof sea-surfacelevation,soanystudyof non-tidaloceansignalsrequiresremovalof thisdominant
tidalcomponent.
Effortstowardimprovingmodelsfor altimetrictidecorrectionshaveunderstandablyfocusedon deep-water,open-ocean
regions.Theseeffortshaveproducedmodelsthoughtobegenerallyaccuratetoabout2cmrms.Correspondingtidepredictions
inshelfandnear-coastalregions,however,arefarlessaccurate.Thispaperdiscussesthestatusofourcurrentabilitiestoprovide
near-globaltidalpredictionsin shelfandnear-coastalwaters,highlightssomeof thedifficultiesthatmustbeovercome,and
attemptstodivineapathtowardsomedegreeof progress.
Thereare,of course,manygroupsworldwidewhomodeltidesoverfairlylocalizedshallow-waterregions,andsuchworkis
extremelyvaluablefor anyaltimeterstudylimitedtothoseregions,butthispaperconsidersthemoreglobalmodelsnecessary
for thegeneraluser.Therehaveindeedbeeneffortstopatchlocalandglobalmodelstogether,butsuchworkis difficultto
maintainovermanyupdatesandcanoftenencounterproblemsof proprietaryorpoliticalnature.Sucha path,however,might
yetprovethemostfruitful,andtherearenownewplansafoottotryagain.
As is well known,tidesin shallowwaterstendto be large,possiblynonlinear,andhighwavenumber.The shortspatial
scalesmeanthatcurrentmappingcapabilitieswith(multiple)nadir-orientedaltimetersoftenyieldinadequatecoverage.This
necessitatesaddedrelianceonnumericalhydrodynamicmodelsanddataassimilation,whichin turnnecessitatesveryaccurate
bathymetrywith highspatialresolution.Nonlinearitymeansthatmanyadditionalcompoundtidesandovertidesmustbe
accountedfor in ourpredictions,whichincreasesthedegreeof modelingeffortandincreasestheamountsof datarequiredto
disentanglecloselyaliasedtides.
2. STATUSOF CURRENTMODELS
Toascertaintheaccuraciesofglobaltidalmodelsin shallow-waterregions,someefforthasrecentlybeendevotedtoconstructing
a high-qualitysetof validation,or "groundtruth;'measurements.A similarvalidationdatasethasprovenusefulfor assessing
deep-watermodels.The newdatasetnowcompriseswelloveronehundredstations,andthesearchfor additionalstationsis
on-going.Mostof thestationsarefrombottompressurerecordersittingon theshelffloor. Somearestandardtidegauges
locatedon smallislands.Sincemostbottom-pressuredatahavebeencollectedin butafew selectregions,thedistributionof
thesedatais farfromideal.
Oneapplicationis givenin FigureI, whichshowsthatouraltimeter-basedti almodels[2]havebeencontinuallyimproving
inshallow-waterregions,eventhoughmosteffortshavebeenorientedtowardthedeepocean.Thisprogressistheresultof sev-
eralfactors:increasingamountsof altimeterdata,improvedmodelspatialresolutions,improvedmethodsof dataassimilation,
andimprovednumericsandrealismof theunderlyinghydrodynamicmodels.
As a roughassessmentof currentcapabilities,TableI givesthermsdifferences(in cm)betweenbothourdeep-oceanand
shallow-waterteststationsandthealtimeter-basedmodelGOTOO.2,anupdateto [3]. Includedin TableI arethemaineight
diurnalandsemidiurnalconstituentswhichmostmodelersprovide.An additionalcolumnaccountsfor otherconstituentswithin
thediurnalandsemidiurnalbands(e.g.,tides2Nz,Lz, etc.)whicharetypicallyaccountedfor in tidalpredictionbyinference
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methods.Anothercolumnaccountsfor completelymissingconstituents,whichin theGOTOOmodelwouldbeall compound
tides(morerecentlyreleasedmodels-FES2004,GOT4.7,TPXO.7-now atleastincludetheovertide~).
45J " ." 'r Table1 emphasizesthedifferencesin ourcapabilitiesfor0 "'~ tidalpredictionin deepversusshallowwater.The largercon-
stituentsareafactorof 4 ormoreworsein shallowseas,andthe
overallroot-sum-of-squaresxceeds10cm.Note,however,that
whilethesedeep-watervaluesarethoughtobea legitimateas-
sessment,heshallow-watervaluesshouldbetakenwithagrain
of salt-they arehighlydependenton thelocationsof ourtest
stations.It wouldbe easyto findexamplesin shallowwater
whereourtidalpredictionsarebetterthan12em,ormuch,much
worsethanthat.Moreover,theshallow-waterdiurnalvaluesin
Table1areprobablytoosmall(i.e.,toooptimistic)torepresent
a globalmean,owingtoanover-abundanceof bottom-pressure
stationsin theAtlanticOceanwherethediurnaltidesarevery
small.
35
E
~30
Q)
g25
Q)
& 20
'6
~ 15cr
10
5
0
1992 1994 1996 1998 2000 2002 2004 2006 2008
Fig. 1. Mz tideRMS differencesbetweena setof shallow-
watertide-gaugestationsandsix successivereleasesof the
TPXO seriesof globalinversemodels[2]. The continued
improvementovertimeis clear.
3. PROSPECTS
Bothnear-termandlonger-termimprovementsin shallow-watertidalmodelingcanbeanticipated.However,someproblems
mayproveintractablewithoutadditionalmeasurements,suchasthoseenvisionedbyawide-swathaltimetermission.
TheseriesofempiricalGOT modelscanbeimprovedin thenearfuturebyemployinghigherspatialresolutions(GOTOOis
0.5°resolution,whichis toocoarsefor mostshallowseas).However,theexistingcoverageof altimeterdataplacesaninherent
limitontheachievableresolutionuntila wide-swathorsimilarmissionis flown.
Numericalmodelingof compoundtidescanevidentlybe improvedby somenewapproaches.For example,a standard
approachreliesontime-steppingthenonlinearhydrodynamicalequationsandextractingbothlinearandnonlineartides;errors
in theformerinducelargeerrorsin thelatter.Reformulationof thenonlinearequationsbasedonhavingreliablepriorinverse
solutionsof thelineartidesappearstoshowconsiderablepromise.
Of course,lackingsufficientidalmeasurements,ourinversionsmustrelymoreheavilyonhydrodynamicmodeling.The
majorimpedimenttoprogressin manyregionsis a lackof accurate,high-resolutionbathymetrydata.Constructingridsfrom
multiplesources,eliminatingobviouserrors,andrefiningresolutionareverytime-consumingtasks,evenwhendatacanbe
obtained-andin manycasesdatacannotbe.Severalinternationalgroups,andmostnotablytheFrenchLEGOS groupledby
F.Lyard,areattackingthedifficultandtedioustasksof modelingindividualshallowseas,onebyone.By suchwork,weexpect
toseeslow,butsignificant,progress.Moreanddensersatellitedatawouldhelpconsiderablyin theseefforts.
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Table1.RMS differences(cm)of modelGarOOwithvalidationgaugedata
Inferred Errorof Total
QI 01 PI KI Nz Mz Sz Kz mmors Omission RSS
Deepwater 0.28 0.86 0.37 1.02 0.63 1.45 0.93 0.42 0.28 - 2.37
Shallowwater 0.88 1.20 0.59 1.58 2.12 8.01 4.35 1.65 0.94 6.62 11.83
